We evaluated the performance of the Du Pont aca ammonia procedure with regard to (a) linearity, (b) precision, (C) interferences, and (c effect of anticoagulants. Linearity extends to 2000 tmoI/L. The SD of the method was essentially constant (2 to 3 imol/L) and independent of the NH3 concentration.
Hemoglobin, bilirubin, and lipemia do not interfere. Either EDTA or heparin is suitable as anticoagulant. Recovery of NH3 added to plasma samples averaged 102% (range: 97-107%).
We established normal values by measuring NH3 in 188 plasma samples from apparently healthy individuals. The 95 #{176}k confidence range is from 10 to 35 zmol/L. The aca ammonia method compares very well with that of Kingsley and Tager but correlates less strongly with that of Reinhold and Chung. We describe a protein-based solution with stable NH3 concentration that is suitable as a control material. able control in a protein matrix, and content of ammonia in Vacutainer Tubes. We wish to present this additional information in the belief that it would be helpful to the users of the aca.
Materials and Methods

Manual methods.
The procedures described by Kingsley and Tager (2), Reinhold and Chung (3) , and the "Blood Am- (2) and aca methods. Analysesdone in duplicate.
dium azide (500 mg/L) was added to the protein solutions as preservative.
analyzed in duplicate in the aca. Samples collected with EDTA or heparin provided the following data: EDTA: n 13; x = 21.8; SD = 5.7; heparin: n 13; X 22.3; SD 7.6. The within-run SD's estimated from the differences among du-___________________________________________________ plicates (SD v"( d2)/n) were 1. imol/L. These specimens were analyzed in the aca only. The average recovery was 102% (range, 98-107%).
Laboratory "B" performed analytical recovery experiments by both the aca and Reinhold-Chung methods. Seven plasma pools were used with the aca method and two plasma pools with that of Reinhold and Chung. Aliquots from each pool were supplemented with ammonia, in eight different concentrations ranging from 100 to 467 mol/L.
For the aca method the average recovery was 101% (range, 97-104%). The same mean-recovery value (101%) was obtained with the Reinhold-Chung method, but the values ranged from 70-148%.
Linearity.We confirmed the previously published report (I) and found that linearity extends to at least 2000 imol/L. We used 13 standard NH4C1 solutions encompassing a concentration range from 20 to 2000 tmol/L. The linear regression equation, y 1.00 (0.004)x + 1.2 (3.7) with a correlation coefficient of 0.9999, attests to the excellent linearity of the method (y and x are the found and nominal ammonia values, respectively; figures in parentheses are SD's).
Precision.
Within-run precision was evaluated by replicate analyses (n = 20) of two plasma pools. The mean values were 87 and 262 umol/L with SD's of 2.5 and 3.3 tmol/L, respectively. Aqueous solutions of bovine serum albumin, Fraction V, fortified with ammonium sulfate, were used to evaluate between-day precision. Two such solutions were analyzed 27 times during five weeks. The average ammonia values were 53 and 302 /Lmol/L with SD's of 2.7 and 3.1 zmol/L, respectively.
Effect of anticoagulant on plasma ammonia.
Blood samples were collected concurrently into Vacutainer Tubes containing heparin, EDTA, fluoride-oxalate, or no anticoagulant; 13 individuals were involved in this study. The samples were centrifuged immediately, except those requiring clotting, and
Interferences.
The effect of hemoglobin, bilirubin, and lipemia on the aca method was studied by evaluating the recovery of known concentrations of NH3 added to plasma pools containing various concentrations of hemoglobin, bilirubin, and triglycerides. The hemoglobin added to plasma pools was freshly prepared by lysing washed erythrocytes.
Patients in plasma at room temperature and at -20 #{176}C in a few samples, and the results were quite variable. On the basis of our experience and that of other investigators we recommend that NH3 determinations be performed within 15 mm after the blood specimen is centrifuged, because in general the NH3 concentration tends to change regardless of the storage conditions.
Normal values. There isa wide variation in the reported normal values for plasma ammonia (2) . This may be due, at least in part, to technical pitfalls described by Gerron et al.
(10).
We measured plasma ammonia in 100 ambulatory women (ages 19 to 66 years) and 88 men (ages 19 to 61 years). Blood specimens, collected with EDTA as anticoagulant, were placed on ice, centrifuged, and analyzed immediately by the aca method. The composite distribution was not significantly different from the distribution for either sex separately (p >0.1 by the t-test for means). In addition, no significant deviation from a gaussian distribution was found (p >0.3 by the chi-square test). Thus, the normal values were established by parametric analysis on the composite population. The mean ammonia value for the 188 samples was 22.1 imol/L, the SD 6.3 mol/L.
The 95% confidence range for the normal population is from 10 to 35 imol/L and corresponds exactly to that found graphically from the probability plot. This range is almost identical to those reported by other investigators (5, 10), who used resin-adsorption methods and the Berthelot reaction. A frequency histogram of the 188 samples is shown in Figure 1 . Addition of 0.2 and 2.0 ml of 37% formaldehyde per liter decreased the absorbance of the standard by 30 and 85%, respectively, in the Berthelot reaction. We recommend that, after treatment of a water system with formaldehyde, the water be tested with chromotropic acid (12) to assure that it is formaldehyde-free.
Discussion
The precision, both within-and between-run, of the aca method was impressive. The SD was essentially constant (about 3 zmol/L) regardless of the NH3 concentration.
(Under the conditions of the aca assay 3 imol/L of NH3 corresponds to a .XA of 0.00026.) However, one of us (B.T.D.) has heard some complaints from aca users with regard to ammonia packs. Poor precision and lack of linearity are occasionally encountered with a particular pack lot. We suggest that quality control on ammonia packs be improved, to eliminate such complaints and inaccuracies in analyses. The average analytical recovery by the aca method has, in general, slightly exceeded 100%. It is of interest that IJpma et al.
(1) had a similar experience; the small bias observed does not affect the medical usefulness of the test.
We found no artifactual suppression or elevation of ammonia values by the aca method in samples containing abnormal concentrations of hemoglobin, bilirubin, or triglyceride.
The aca method gives results that compare very well with those by the method of Kingsley and Tager (Table 2) when the NH3 concentration varies over a wide range. We conclude from our study that the aca method provides accurate data.
Either EDTA or heparin is satisfactory as anticoagulant. Although we used tubes containing EDTA for most of the work, we think that heparinized Vacutainer Tubes are preferable because their NH3 content is practically undetectable.
The advantages of the present method have been pointed out by IJpma et al.
(1). We believe that these advantages outweigh the cost of the reagents(pack).
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